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INVESTIGATION OF THE THERMAL S T A B I L I T Y  OF THE M I C R O S U R F A C E  

C H R O M I U M  AND N I C K E L  C O A T I N G S  
OF ASTRONOMICAL M I R R O R S  FABRICATED FROM AMg6L A L L O Y  WITH 

Zh.  M. Loretsyan 

ABSTRACT. Experimental study of t h e  e f f e c t s  of low and 
h i g h  temperatures and d i f f e rences  i n  the l i n e a r  expansion 
c o e f f i c i e n t  of t h e  aluminum a l loy  AMg6L and e l e c t r o l y t i c  
chromium o r  chemical n i c k e l  coat ings on t h e  microsurface 
q u a l i t y  of astronomical mirrors  f a b r i c a t e d  w i t h  these 
ma te r i a l s .  Coatings o f  various th icknesses  were tested a t  
-95, +20, +60 and +lOO°C. Temperature v a r i a t i o n s  have no 
e f f e c t  on n i c k e l  f i l m s ,  b u t  cracks appear on t h e  s u r f a c e  
of chromium coa t ings  th icker  t h a n  50 I * .  

In  o r d e r  t o  determine t h e  in f luence  o f  low and high temperatures ,  t h e  
d i f f e r e n c e s  i n  c o e f f i c i e n t s  o f  linear expansion of aluminum a l l o y ,  e l e c t r o l y t i c  
chromium and chemical n i c k e l  on t h e  q u a l i t y  of  t h e  microsurfaces  of mi r ro r s ,  
we performed a s e r i e s  o f  tests on polished m i r r o r s  made o f  AMg6L a l l o y  with 
chromium and n i c k e l  coa t ings  of var ious  th icknesses .  
a t  temperatures  of -95, +20, +60 and +lOO°C. The h igh  temperature  tes ts  
(+60 and +lOO"C) were performed i n  a labora tory  thermosta t  type  111-005. 
ass igned  temperature  was au tomat ica l ly  maintained us ing  a TK-6 con tac t  
thermometer w i th  an accuracy of k l , ' .  
t u r e s  were performed i n  a he rme t i ca l ly  closed box with s o l i d  carbon d ioxide  
C 0 2  (dry i c e ) .  

temperature  was measured us ing  a thermometer wi th  a measurement range from +20  
down t o  - 1 O O O C .  
a t  -95°C -- 20 hours.  
t o  t h e  r equ i r ed  temperature ,  beginning a t  room temperature.  
temperature  was a l s o  performed gradual ly  i n  t h e  thermosta t .  Table 1 shows t h e  
g r e a t e s t  and least  th i cknesses  of coat ings on t h e  specimens t e s t e d  d i r e c t l y  
a f t e r  a p p l i c a t i o n  (a) and a f te r  gr inding  and p o l i s h i n g  (b) .  

The t e s t s  were performed 

The 

The tests of specimens a t  low tempera- 

The specimens were placed between blocks o f  d r y  i c e .  The 

The holding time a t  +lOO°C was 6 hours;  a t  +6OoC -- 8 hours;  
The specimens were hea ted  g radua l ly  i n  t h e  thermosta t  

Cooling t o  room 

The q u a l i t y  of t h e  microsurface was t e s t e d  by v i s u a l  i n spec t ion ,  as wel l  
as by photography us ing  t h e  "Neofot" un ive r sa l  Zeiss microscope a t  200 power 
magni f ica t ion  be fo re  and a f t e r  t h e  t e s t s .  

The r e s u l t s  of  t h e  tests f o r  t h e  chromium coa t ings  made by m i l k  chroming 
are  p resen ted  i n  Table 2. 

- 
Numbers i n  the margin ind ica t e  pagination i n  t h e  fore ign  t e x t .  
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Table 1 .  C O A T I N G  T H I C K N E S S  I N  M I C R O N S  

Sample numbers 
Coating 1 2 3 4 5 

c h rom i urn 
(a 1 47-40 55-45 85- 100 100- 120 220-240 
( b )  10-15 30-20 30-50 50-80 120- 140 
nickel  

30-35 40-45 50-70 65-75 (a )  
(b) 10-15 15-20 35-40 40- 50 

-- 
-- 

The r e s u l t s  of t h e  experiments show t h a t  mi r ro r s  with chromium laye r s  from 
10 t o  50 P t h i c k  ( a f t e r  po l i sh ing )  show no changes i n  microsurface p r o p e r t i e s  
a f t e r  t h e  c y c l e  of thermal t e s t s  ou t l i ned  above. With a chromitun l a y e r  t h i ck -  
nes s  from 50 t o  120 P ,  cracks  were formed on t h e  s u r f a c e  of  t h e  mi r ro r  a f t e r  
hea t ing .  Consequently, t h e r e  is  a l imi t ing  chromium l a y e r  t h i ckness  a l lowable 
on AMg6L a l l o y  t o  be used as t h e  r e f l e c t i n g  su r face  of  as t ronomical  mir rors .  
When t h i s  l i m i t  i s  exceeded, microf i ssures  appear  on t h e  s u r f a c e  of  t h e  
mi r ro r .  The formation of  mic ro f i s su res  on t h e  chrome coa t ing  can be explained 
as fo l lows .  As we know, i n t e r n a l  s t r e s s e s  ar ise  i n  an  e l e c t r o l y t i c  l a y e r  o f  
chromium, reaching high va lues  (3700-6000 kg/cm2), t h e s e  s t r e s s e s  being 
dependent on t h e  mode of a p p l i c a t i o n ,  th ickness ,  type  and cond i t ion  of t h e  
s u b s t r a t e .  In  t h i s  ca se ,  t h e  mode of a p p l i c a t i o n ,  type  and condi t ion  o f  t h e  
s u b s t r a t e  were i d e n t i c a l  f o r  a l l  th icknesses .  In  chromium l a y e r s  up t o  100- 
120 P t h i c k ,  no f i s s u r e s  were noted immediately a f t e r  a p p l i c a t i o n ,  while ,  f o r  
example, a t  220 P l a y e r  t h i ckness ,  a cobweb of f i s s u r e s  was noted.  These 
f i s s u r e s  were formed i n  t h e  process  of e l e c t r o l y s i s  when t h e  i n t e r n a l  s t r e s s  
exceeded t h e  t e n s i l e  s t r e n g t h  of  t h e  chromium laye r .  

A change i n  temperature  and d i f f e rence  i n  t h e  c o e f f i c i e n t  of l i n e a r  
expansion a of t h e  bonded m a t e r i a l s  in f luences  t h e  magnitude of  t h e  r e s i d u a l  
i n t e r n a l  stress of t h e  chromium laye r .  The g r e a t e r  t h e  d i f f e r e n c e  i n  a ,  t h e  
g r e a t e r  t h e  i n t e r n a l  stress r e s u l t i n g  from changes i n  temperature .  We know 
t h e  g r e a t  d i f f e rence  i n  t h e  c o e f f i c i e n t s  of l i n e a r  expansion o f  e l e c t r o l y t i c  
chromium and AMg6L a l l o y :  
whi le  AMg6L a l l o y  has  CY = 23.8-10-6 l /deg.  

t h e  e l e c t r o l y t i c  chromium has a = 6.25.10-6 l /deg ,  

I t  fo l lows  from t h e  r e s u l t s  of t h e  experiment t h a t  t h e  product ion of a 
h igh  q u a l i t y  microsurface on mi r ro r s  made o f  an aluminum-magnesium a l l o y  wi th  
chromium coa t ing  r e q u i r e s  t h a t  t h e  chromium l a y e r  be no t h i c k e r  than  85-100 P. 

The r e s u l t s  of t h e  tes ts  show t h a t  with s l i g h t  t h i ckness  of  t h e  chromium 
(up t o  50 P )  t h e  i n t e r n a l  stress does not exceed t h e  t e n s i l e  s t r e n g t h  of  t h e  
chromium l a y e r ,  so  t h a t  no cracking of  the chromium i s  observed. However, as 
t h e  c o a t i n g  th ickness  i s  increased  (50 P or  more) t h e  temperature  g rad ien t  
causes  s t r e s s e s  t o  develop wi th in  t h e  coat ing which exceed t h e  t e n s i l e  s t r e n g t h  
of t h e  e l e c t r o l y t i c  chromium, leading ,  i n  t h e  f i n a l  a n a l y s i s ,  t o  t h e  
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appearance of  a cobweb of mic ro f i s su res  on t h e  su r face  o f  t h e  coa t ing .  

The microsurface of chemical n i c k e l  appl ied  t o  t h e  aluminum-magnesium 
base,  both wi th  t h e  h ighes t  th icknesses  appl ied,  65-75 P (40-50 P a f t e r  
po l i sh ing )  and with t h e  least  th icknesses ,  30-35 P (10-15 P a f t e r  po l i sh ing )  /E 
remained unchanged a f t e r  t h e  temperature  was changed from + l O O ° C  t o  -95°C. 
Consequently, i n  t h i s  temperature  i n t e r v a l  (-90'-+loo") and th i ckness  range 
(up t o  65-75 P )  it i s  p o s s i b l e  t o  produce a high q u a l i t y  microsurface on a 
n i c k e l  l a y e r  appl ied  chemically.  

I t  should be noted i n  conclusion t h a t  t h e  thermal i n v e s t i g a t i o n s  on t h e  
specimens were performed with t h e  cooperat ion of Senior  Engineer G.  G. Lav- 
r e n t  yeva. 
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